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This paper deals with finding the relation between modal natural frequencies change due to 
crack in shaft with respective crack depth and location. In this study we investigate relation 
among crack depth, crack location & natural frequency. Finite Element Analysis is done for 
single crack at different depth and crack thickness. The analysis results reveal, how modal 
natural frequencies decrease with change in crack size. It is known that when a shaft or 
structure suffers from crack or any damage then its dynamic property changes. The reason for 
this behaviour because of crack causes a stiffness reduction with an inherent reduction in 
modal natural frequencies which leads to the change in the dynamic response of the Shaft. 
Creo software is used for parametric modeling of Rotor Shaft as well as for static and dynamic 
analysis. Modal natural frequency was found to be decreasing with increase in crack depth 
and its width. This is new technology in Creo, so this study the FEA analysis is carried out 
using this new technology and compared with other FEA software available in market. 
 
Index Terms: Creo, Static Analysis, Modal Analysis, Natural Frequency, Rotor Shaft. 
 
INTRODUCTION 
There many types for failures in 
mechanical machines and structures. Out of 
these, crack is one of the potential sources 
of catastrophic failure in mechanical 
machines and in structures. Therefore, it 
must be detected in the early stage of 
formation. This work based on study to 
detect crack in shaft in early stage to avoid 
damage. 
 
It is difficult to recognize most cracks by 
using visual inspection techniques because 
at that stage they are very small to find. 
There are various reasons which causes 
cracks in shaft. The dynamic characteristics 
in modal parameters like modal 
frequencies, modal value and mode shapes 
associated with each modal frequency 
changes in the presences of crack. It also 
changes the structural parameters like 
mass, damping matrix, stiffness matrix and 
flexibility matrix of structure. This 
technique is useful to detect crack in shaft 
in early stage to avoid damage. 
The most powerful tool which gives the 
results for complicated on-line working 
assemblies for dynamic analysis is Finite 
Element Analysis. Using finite element 
analysis, the change in natural frequency 
due to crack are calculated with respective 





Shorya, A et. al [1] “Characteristics of 
Beam based Flexure Modules, 2007. Most 
of the traditional engineered devices have 
been predominantly designed to be strong 
and rigid. Strength and rigidity are critical 
to achieve in designs which are practical, 
safe, and efficient. Many potential benefits 
including ease of assembly, greater 
resistance to overloads, and elimination of 
backlash and friction associated with 
conventional mechanical joints can be 
offered by the inclusion of flexibility in 
conventional mechanism design. A 
question may arise: how can flexure 
  
 
2 Page 1-8 © MAT Journals 2019. All Rights Reserved 
 
Journal of Recent Trends in Mechanics Volume 
 Volume 4 Issue 1 
mechanisms can be included as a preferred 
effect to achieve controlled transmission of 
forces and motions? Due to the increased 
complexity that deformation imposes on 
conventional kinematic analyses, engineers 
have yet to fully utilize mechanism in 
design. To integrate the fundamentals of 
kinematics and structural mechanics to 
develop a rigorous and systematic 
methodology to design mechanisms are the 
main challenges. Years of research found 
that there are two primary approaches: 
kinematics-based approaches - build on 
traditional rigid-link design techniques and 
structural optimization - based approaches 
which seek to synthesize the optimum 
structure. 
 
To give the person who reads a brief outline 
of previous research done in the field of 
flexural mechanism is the purpose of this 
paper. There exists a considerable amount 
of design knowledge on these devices 
which gives the wide applicability and 
advantages of flexures. Flexure design 
usually based on creative thinking and 
engineering intuition, analytical tools can 
aid the design conception, valuation and 
optimization process. Consequently, a 
systematic study and modeling of these 
devices has been an active region of 
research. 
 
Byounge Hun Kang et al [2] “Analysis and 
Design of Parallel Mechanisms with 
Flexure Joints” 2012. The analysis and 
design of general platform type parallel 
mechanisms containing flexure joints was 
carried out by them. They considered static 
performance measures such as task space 
stiffness and manipulability. Based on 
these performance measures they obtained 
the multi-objective optimization approach. 
Initially, they obtained Pareto-frontier. 
Lumped approximation of flexure joints in 
the pseudo rigid body are considered for 
simplification. They established the key 
difference between flexure mechanism and 
parallel mechanism with conventional 
joints and is that kinematic stability is no 
longer a design consideration. Instead of 
that, important design parameter is task 
space stiffness which needs to be carefully 
designed to avoid undesired motion in the 
presence of external loads. 
 
Yeonge-jun Choi et al [3] “Kinematic 
design of large displacement precision XY 
positioning stage by using cross strip 
flexure joints and over- constrained 
mechanism” International Journal of 
Mechanism and Machine Theory, 2007 
 
They worked on kinematic design of large 
displacement precision X-Y positioning 
stage by using cross strip flexure joints and 
over constrained mechanism.  cross strip 
flexure joints were used. And to achieve 
good kinematic A design advanced 
kinematic techniques such screw system 
theory is used for the design of a large 
displacement precision XY positioning 
stage. The weight support mechanism of 
the motion stage was made of links and 
flexure joints, and a linear motor was used 
as the actuator. Crossed strip type flexure 
joints that provide large rotation were used. 
To eliminate the effects of center shifting in 
large-motion flexures an over-constrained 
mechanism was used to incorporate 
symmetry. 
 
Yangmin Li et al [4] “Modeling and 
performance evaluation of a flexure based 
XY parallel micromanipulator”, 
International Journal of Mechanism and 
Machine Theory, 2009. 
 
They represented the modeling and 
evaluation of a nearly uncoupled XY 
micromanipulator designed for 
micro-positioning uses. The manipulator 
features are monolithic parallel-kinematic 
architecture, flexure hinge-based joints, 
and piezoelectric actuation. The evaluation 
is carried out analytically in terms of 
parasitic motion, cross- talk, lost motion, 
workspace, and resonant frequency. The 
mathematical models for the kinematics 
and dynamics of the XY stage are derived 
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in closed-forms, which are verified by 
resorting to finite element analysis (FEA) 
based on pseudo rigid-body (PRB) 
simplification and lumped model methods. 
They established a nonlinear kinematics 
model, which is based on the deformation 
of the entire manipulator since the above 
simplified models fail to predict its 
kinematic performances. And the 
validation of effectiveness of non-linear 
model is done by both FEA and 
experimental studies on the prototype. 
Results obtained from validation shows 
that the nonlinear model can predict the 
manipulator kinematics accurately, and the 
reason why simplified models fail is 
discovered. 
 
B. Zettle et al [5] “Accurate low DOF 
modeling of a planar compliant mechanism 
with flexure hinges: the equivalent beam 
methodology”, Precision Engineering, 
2004. 
 
They worked on equivalent beam 
methodology. In this paper they presented a 
methodology which is accurate and 
efficient finite elements method (FEM) 
simulations of planar compliant 
mechanisms with flexure hinges. In this 
method one-eighth of a single hinge is 
simulated to determine its true 
stress/stiffness characteristics by using 
symmetry/anti-symmetry boundary 
conditions and 3D elements. A set of 
fictitious beams is derived, which have the 
identical characteristics. This set is used in 
conjunction with other beams that model 
relatively stiff links to generate an 
equivalent model of an entire mechanism 
consisting of the beam elements only. The 
research work shows that the static and 
dynamic characteristics of the whole 3RRR 
mechanism can be simulated with high 
precision with a model that has a very small 
number of DOF. The numerical efficiency 
of the EBM model is very high. Therefore, 
it becomes conceivable to apply it for other 
purposes such as mathematical 
optimization, simulating complex dynamic 
responses, or even for real time 
applications to control and handling of 
compliance mechanisms. 
 
Y. Tian et al [6] “Design and dynamics of a 
3-DOF flexure-based parallel mechanism 
for micro/nano manipulation” International 
Journal of Microelectronic Engineering, 
2007. 
 
They presented the mechanical design and 
dynamics of a 3-DOF (degree of freedom) 
flexure-based parallel mechanism. They 
utilized three piezoelectric actuators to 
drive active links of the flexure-based 
mechanism. The inverse dynamics of the 
proposed mechanism is established by 
simplifying flexure hinges into ideal 
revolute joints with constant torsional 
stiffness. For the validation of the 
performance of the proposed 3-DOF 
flexure-based parallel mechanism he used 
finite element analysis. The interaction 
between the actuators and the flexure-based 
mechanism is extensively investigated 
based on the established model. He carried 
out experiments to verify the dynamic 
performance of the 3-DOF flexure-based 
mechanism. 
 
Closure of the Review 
This work is based on study to detect crack 
in shaft in early stage to avoid damage. An 
investigation is carried out to find a simple 
approach which help to find cracks in shaft 
and other structure. There is changes in 
stiffness of shaft due to presence of crack 
which leads to change in its natural 
frequency. By this it is easy to find crack 
locations and depth. 
 
There are many literatures are available 
which proposed different methods to study 
behaviour of crack but this one is one of the 
simple and best approach to find crack.  
 
Problem Statement 
To design shaft and studied changes in 
natural frequency due to crack in shaft 
using Creo Live Simulation 
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Objectives 
 To investigate the behaviour of crack in 
Rotor Shaft. 
 To carry out analysis of Shaft with and 
without crack using Creo. 




 CAD model generation (Creo) 
 Finite Element Analysis (Creo) 
 Manufacturing Stage 
 Fabrication of Assembly 
 Testing and Validation 
 
Using the knowledge from literature 
review, we know how the 3D CAD model 
is to be prepared. The conditions required 
for applying various constraints will be 
decided based on literature review. 
 
3D CAD Model Generation 
 Getting input data on dimensions 
 Creating 3D model in Creo 
 
Applying boundary conditions 
Application of different loads and 
boundary condition acting on the 
component by studying various ref papers, 
and different resources available 
 
Analysis 
 Using the Steel material for the 
application referring different 
literatures 
 Meshing the CAD model 
 Solve for the solution of meshed model 
using Creo 
 
RESULT AND DISCUSSION 
Validation of result by comparing with 
software results. 
 
DESIGN OF SHAFT  
CAD 
3D model for shaft assembly consist of 
Shaft diameter of 40mm with 2 bearing 
supported and pulley at one end and 
coupling at another end. 
 
The system is designed to study the change 
in response of vibration due to 
misalignment of shaft in coupling. Our 
main interest would be to study for crack in 
Non-Drive End shaft. 
 
Crack is generated in transverse direction 
with change in location, Height and depth. 
Shaft supported with two bearings, 
coupling and pulley at the ends. 
 
3D model for Rotor Shaft Assembly 
As shown in the figure below, it consists of 
drive end shaft, non-drive End shaft with 
rigid coupling arrangement, supported by 




Figure 1: 3D Model for Rotor Shaft Assembly 
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Figure 2: 2D Drawing for Rotor Shaft 
 
Crack Geometry  
In non-drive end shaft, a transverse crack is 
introduced. The crack location is along 
axial direction from coupling end with 
change in height from 10mm, 12mm and 
15mm with depth of 1.5mm. 
 
Following Figure shows crack at a location 
of 300mm from coupling end with crack 
depth of 1.5 mm and height of 10mm.
 
 
Figure 3: Shaft with Crack 
 
ANALYSIS 
Analysis is nothing but critically examining 
the already existing or proposed design to 
judge its suitability for the task. It 
determines whether the performance 
complies with the requirements. In any 
typical analysis task, all the possible 
solutions are analyzed. Sometimes it is very 
difficult or impossible to carry out the 
analysis for the complicated systems. So, 
number of iterations must be performed till 
the optimum solution is obtained. 
 
This difficulty is overcome by Creo. In 
Creo, the engineering analysis of any 
complicated system can be carried out in 
the shortest time by Creo simulation live 
application like Finite Element Analysis 
(FEA) Software. The analysis carried out 
on the 3D CAD model of an object or 
system and the results are presented in the 
textual and the graphical form on the 
graphics screen. 
 
In analytical solution is a mathematical 
solution that gives the values of desired 
unknown quantities at any location in the 
object. Sometimes it is very difficult or 
impossible, to obtain the exact 
mathematical solution for many 
engineering problems. In such cases, Creo 
simulation live comes in to the picture as 
the best option. 
In the Creo simulation live, the domain of 
part is divided into finite number of smaller 
units identified as Elements. This method 
of dividing the domain into the finite 
number of elements is known as 
Discretization. All the elements are 
considered interconnected at joints which 
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are known as nodes or nodal points. 
Initially, the solution is formulated for each 
element and the solutions from all elements 
combined to get the solution of entire 
domain. This approach is called as “Going 
from part to Whole” approach. The solution 
must be theoretically correct to satisfy the 
continuity requirements all among the 
edges of elements which lead to more 
complicated analysis. Hence, in Creo 
simulation live to make the analysis easier, 
the elements are connected at the finite 
number of joints called nodes. 
 
In any FEM software such as Creo 
simulation live, the amount of data to be 
handled is dependent on the number of 
elements into which the original domain is 
divided. For the large number of elements, 
it is very cumbersome task to handle the 
data manually. Hence in such cases the use 
of computer is inevitable. It is known that 
with increase in the number of elements in 
domain, the accuracy of solution is also 
increasing. But it will result in increase in 
computation. The software used for the 
analysis of this compliant mechanism is 
Creo with Simulation Live application. 
 
Steps for FEA in Creo 
 Create or Import model 
 Choose material for various parts or 
default material Stainless Steel 
 Live Simulation Application 
 Apply loading and boundary conditions 
 Run Simulation 
 Results 
 Generation of Report 
 
Based on the output requirements there 
are two types of analysis that are done 
 Static Analysis 
 Modal Analysis 
 
Pre-Processing  
Creating/Import CAD Geometry 
Creo is well known Cad software in the 
manufacturing industries. It is possible to 
create CAD geometry in Creo as well as we 
can import CAD geometry created in any 
other CAD software without any issue. 
 
Apply Material  
It is possible to select the material for all the 
parts from the material library of the 
software. It is also possible to create new 
material in library as per requirement. By 
default, the material used is Stainless Steel. 
 
Loading and Boundary condition 
As we are going to perform static as well as 
modal analysis, we have two boundary 
conditions. 
 
Boundary Condition for Static analysis: 
Applied the moment at the end of shaft of 
0.1 Nm with other end fixed for stress 
calculations. 
 
Boundary Condition for Modal analysis: 
No boundary conditions are applied to do 
free modal analysis. 
 
Post-Processing  
Static Analysis of Shaft 
Static analysis of shaft is carried out with 
and without crack and then compared. The 
analysis includes calculation of Equivalent 
stress and strain. 
Equivalent stress σe is related to the 
principal stresses by the equation:
 
 
Because of its property to allows any 
arbitrary three-dimensional stress state to 
be represented as a single positive stress 
value, equivalent stress is used in most of 
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Figure 4: Static analysis of shaft without Crack 
 
Modal Analysis of Shaft 
Similar static analysis, Modal analysis is also carried out for shaft with and without crack and 
then compared. In Creo simulation live, first six modes of natural frequencies are obtained. 
 
 




RESULTS AND DISCUSSION 
The results obtained from the static and 
modal analysis of shaft are populated in 
following table; 
 
Table 1: Result Table 













1 524.226 515.618 510.422 498.874 
2 524.463 523.504 522.544 520.213 
3 1324.28 1299.62 1285.72 1256.96 
4 1324.49 1321.34 1318.54 1311.52 
5 2692.4 2673.95 2663.46 2640.43 
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CONCLUSION 
The investigation is carried out to establish 
a simple and systematic method of crack 
detection from measurement of natural 
frequencies of shaft. 
 From the results obtained from Creo 
simulation live analysis, it is proved 
that crack reduces the natural frequency 
of shaft. 
 The results also showed that the natural 
frequency decreases with increase in 
severity of crack i.e. crack geometry. 
 The CAD software with Creo 
simulation live functionality decrease 
the time required for iterative changes 
in the geometry of the part and then 
analyze in different FEM software. This 
is Realtime analysis which saves time.  
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